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(57) Abstract: The invention relates to a method for measuring the moisture content of skin, in which method a probe (17) is placed 
on the skin for measuring the capacitance of the skin. The invention relates also to an apparatus for applying the method, which 
apparatus comprises a probe (17) and devices (20-28) connected to the probe for transmitting, transferring and analysing a signal. In 
the method in accordance with the invention a wave signal is transmitted into the probe, the capacitance of the probe (17) is measured 
by comparing the wave phases of the transmitted and reflected wave, and the applied radio frequency is low, approximately 0,2-5 
MHz. The apparatus in accordance with the invention comprises a device (26) into the input of which a wave formed by the signal 
reflected from the probe is arranged to be led, and into the other input of which a wave forming the signal and transmitted to the 
probe is arranged to be led, whereat the capacitance can be measured by comparing the wave phases. 
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Method for measuring skin surface hydration and device for applying 
the method. 
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The present invention relates to a method for measuring the moisture content of skin, in 
which method a probe is placed on the skin for measuring the capacitance of the skin. The 
invention relates also to the apparatus for applying the method, which apparatus comprises 
a probe to be placed on the skin and devices connected to the probe for transmitting and 
transferring a signal into the probe and back from the probe in order to transfer and analyse 
the reflected signal and for measuring the capacitance of the skin. 



The skin consists of three layers, which are, from the surface inwards, stratum corneum, 
epidermis and dermis. The water content is low in the stratum corneum and high in the 
dermis. The water content increases gradually from the surface of epidermis to deeper parts 
of epidermis. The hydration of skin is determined by the properties of the stratum corneum. 
15 Dry skin feels rough and will become wrinkled faster than normal skin. People living in 
dry weather conditions suffer from dry skin more than others and have to apply cosmetic 
products for moisturizing the skin. 

There exist devices for skin moisture measurement used for the assessment of skin 
20 condition. These devices can also be used for evaluating the efficacy of skin moisturizing 
products. Innumerable devices have been developed for the measurement of parameters 
sensitive to the moisture of skin. Some of the devices are expensive and complicated to 
use, but some are relatively cheap and easy to use, e.g. ohmmeters measuring the electric 
resistance of the skin. However, they have many shortcomings: the distance between the 
25 electrodes varies and the devices are sensitive to the electrolyte content of the intercellular 
space and to the skin contact. 

The principle of the present moisture meters based on the measurement of the skin 
capacitance is that the skin is a capacitive part of a resonance circuit, either an RC-circuit 

30 or a monostabile multivibrator. A device containing an RC-circuit is introduced in the US- 
patent publication 4,860,753. A monostabile multivibrator is introduced in the US-patent 
publication 4,71 1,244. The skin causes a change in the resonance frequency of the circuit. 
The resonance frequency that indicates the properties of the skin is for instance calculated 
with a counter. One weakness of these devices is that the frequency of the measurement 

35 circuit depends on the properties of the skin. However, the dielectric properties of the skin 
change in relation to the frequency due to the influence of different types of dispersions. 
The dielectric properties determine the capacitance of the skin, which is the reason why a 
device measuring capacitance is not working reliably when its frequency changes. Another 
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weakness of mentioned devices is that they are sensitive also to the resistivity of the skin, 
which means that, for example, the relative content of the electrolytes, which is 
independent of the water content of the stratum corneum, affects the measurement result. 

5 The object of the present invention is to provide a method and an apparatus, which obviate 
the shortcomings of the present methods and apparatuses. It is a particular object of the 
invention to provide a method and an apparatus for measuring the moisture content of skin 
reliably, and that the resistivity of the skin does not affect the measurement result. It is a 
further object of the invention to provide an apparatus which is simple in its structure and 

10 economical to manufacture and to use. 

The object of the invention is achieved with a method and an apparatus which are 
characterized by what is described in the claims. 

15 In the method in accordance with the invention a wave signal is transmitted to the probe, 
the capacitance of the probe is measured by comparing the phases of the transmitted and 
reflected wave, and the applied radio frequency is low, approximately 0,2-5 MHz. This 
comparison can be performed with an appropriate device known as such. 

20 This method enables accurate measurement of the capacitance of the probe even in the case 
when the conductance of the probe is much higher than the susceptance of the probe, 
which occurs always when the probe is in contact with the skin. In this arrangement the 
measurement result is independent of the conductance of the probe, which in practice 
means that the measurement result does not depend on the resistivity and further, for 

25 example, on the electrolyte content of the skin. 

Operating frequency of the apparatus is an essential parameter of the method in accordance 
with the invention. The range used in the method is approximately 0,2-5 MHz. With lower 
frequencies than this, the susceptance of the probe decreases further and the difference 
30 between the conductance and the susceptance increases further. On the other hand, with 
frequencies higher than the specified range the measurement result contains information 
also from deeper layers of the skin. This is undesirable, because the water content of 
dermis does not affect what is commonly perceived as the moistness of the skin. 

35 In an advantageous application of the invention the apparatus operates at only one 
frequency, the low radio frequency, approximately 0,2-5 MHz. When this method is used 
the apparatus operates only at one precisely set frequency, and thus gives a reliable result 
of the moisture content of skin. The capacitance of the skin is determined by its dielectric 
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properties and therefore only such capacitance measuring apparatus which operates with a 
constant frequency, can be a reliable apparatus. 

In a further advantageous application of the invention a wave signal is transmitted to the 
5 probe by an oscillator, and placing an attenuator on the signal path between the oscillator 
and the probe prohibits the reflections of the waves forming the signal between the 
oscillator and the probe. This means that the reflections do not affect the measurement 
result. 

10 In a further application of the invention the phases of the wave transmitted to and reflected 
from the probe are deviated with a power splitter from each other by 90 degrees in addition 
to the minor phase difference caused by the probe. The resolution of the phase detector is 
then optimal and the accuracy of the measurement is better than when using a normal zero- 
degree power splitter. 

15 

In an additional application the phases of the wave transmitted to and reflected from the 
probe are compared by a phase detector. The phase detector is dependable and reliable but 
in other applications other devices can be used for this purpose. 

20 Furthermore, in an advantageous additional application the propagating waves are 
amplified in the phase detector inputs so that the phase detector operates in a saturated 
state. Only then the phase detector or a similar device measures merely the phase shift of 
the incoming signals. 

25 An apparatus in accordance with the invention comprises a device, preferably a phase 
detector, into the input of which the wave formed by the signal reflected from the probe is 
arranged to be led, and a wave forming the signal is arranged to be led into the other input 
of the device, then the capacitance can.be measured by comparing the wave phases. 

30 The invention will now be described in greater detail with reference to the accompanying 
drawings, where 

Fig. 1 shows the general view of an apparatus in accordance with the invention seen from 
above, 

Fig. 2 shows a block diagram showing the operation of the apparatus, 
35 Fig. 3 shows the longitudinal view of a probe, and 
Fig 4 shows the cross-section A-A of figure 3. 
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Figure 1 shows the case 10 of the apparatus and attached to it a display unit 11, a press 
button 12, an indicator light 13, a set of small LED lights 14 and a reset button 15. The 
shape of the case and the attached lights etc. can vary in different applications. From the 
case 1 0 outgoes a coaxial cable 1 6, in which a probe 1 7 is attached. 

5 

Figure 2 shows an oscillator 20, an attenuator 21, a 90-degree power splitter 22, a 
directional coupler 23, two amplifiers 24 and 25, a probe 17, a phase detector 26, a low 
pass filter 27 and a digital electronic unit 28. A display unit 11, a press button 12, an 
indicator light 13, a set of LED lights 14 and a reset button 15 are connected to this 
10 electronic unit. 

Figure 3 shows a probe 17 comprising a brass-made outer electrode 31, a brass-made inner 
electrode 33 and a Teflon part 32. The inner electrode 33 is round and the ring-shaped 
outer electrode 31 surrounds it so that the Teflon part 32 is between them. The inner 

15 conductor 35 of the coaxial cable 16 is soldered in a small hole 34 on top of the inner 
electrode 33. Besides the inner conductor 35 the coaxial cable 16 comprises an outer 
conductor 37, dielectric material 36 between them and a sleeve 38. A separate clamping 
part 39 is pressed against the outer electrode 31 so that outer conductor 37 of the coaxial 
cable 16 is compressed between them, thus being in electric contact with the outer 

20 electrode 31. While the outer conductor 37 is pressed against the outer electrode 31, two 
wedge-like pieces 40 cause tight pression of the coaxial cable 16 against the clamping part 
39. All parts in figure 3, apart from the wedge-like pieces 40, are rotationally symmetric. 

Figure 4 shows the cross section A-A of the probe similar to figure 3. The graph illustrates 
25 particularly the setting of the two wedge-like pieces 40. 

The device is arranged to measure the phase coefficient of the probe's reflection 
coefficient at a single low radio frequency (which is approximately 0,2-5 MHz). 

30 The radio frequency section of the apparatus, which comprises the parts 20-26 and the 
probe 17 in figure 2, is radio technically arranged. Practically this means that the lines 
between the components are microstrip lines with specific wave impedance, e.g. 50 ohm. 
Thus waves propagating in opposite directions can travel in the single signal path. In this 
context a signal means such a propagating wave. The operation of the high frequency 

35 components is not at all affected by the fact that the dimensions of the circuit are small 
compared with the wavelength. 
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The apparatus operates so that the outgoing sinusoidal signal from the oscillator 20 is led 
through the directional coupler 23 into the probe 17. The reflected signal from the probe 17 
is connected to one input of the phase detector 26 through the directional coupler 23. A 
signal directly from the oscillator 20 through the power splitter 22 is led to the other input. 
5 The output of the phase detector 26 is proportional to the phase difference, which again is 
dependent only on the capacitance of the probe 17. Thus the apparatus operates with one 
single frequency, and the result is dependent only on the dielectric properties of the skin, 
not on conductivity. 

10 The oscillator 20 of the apparatus is operating always when the apparatus is switched on. 
So there is a constant voltage in the output of the phase detector 26 and the subsequent low 
pass filter 27. The apparatus is used so that the press button 12 is pressed at the same time 
as the probe 17 is pressed on the skin. The measurement starts at this moment and the 
indicator light 13 is on during the measurement. The timer circuit in the digital electronic 

15 unit 28 activates the measurement for a preselected standard time, after which the indicator 
light 13 is switched off. The apparatus contains also a buzzer (not shown in the figures) 
inside the case 10 and it gives a sound indicating that the measurement is completed. After 
the measurement a reading appears at the display 1 1. The reading is proportional to the 
capacitance of the probe 1 7 and the moisture content of skin. The apparatus ends the 

20 measurement automatically when the measurement time is over and after that the reading 
shown at the display 1 1 is no longer affected by the skin contact of the probe 17. The LED 
indicators 14 operate completely in accordance with the display 11, thus the moisture 
content of skin can be read after the measurement merely by the amount of lights 14 
switched on. The lights 14 have different colours: in case of dry skin only yellow lights are 

25 on, in case of normal skin besides yellow also green lights are on, and in case of moist skin 
besides the above mentioned lights also blue lights are on. Pressing the reset button 15 
resets the display 1 1 and switches off the lights 14. 

It is necessary to standardize the measurement time to obtain reliable measurement result, 
30 because the output voltage of the low pass filter 27 changes slowly but constantly when the 
probe 17 touches the skin. This is caused by the increase of moisture content of skin under 
the probe 17, when the skin contact of the probe 17 prevents the evaporation of the water 
vapour passing the skin. An appropriate measurement time is 5-20 seconds. 

35 An essential feature of the radio frequency unit of the apparatus, containing the parts of the 
block diagram in figure 2 apart from the digital electronic unit 28, is that signal voltage in 
both inputs of the phase detector 26 is so high that the detector operates in a saturated state. 
Only then the phase detector 26 measures merely the phase shift of incoming signals. This 
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phase shift is proportional to the capacitance of the probe 17, which again is proportional 
to the dielectric constant of the filling of the capacitor (in this case the surface of the skin). 
The dielectric constant depends on the moisture content of skin surface. Thus the 
measurement result is not affected e.g. by the electrolyte content, unlike in devices which 
5 are sensitive to the conductivity of the skin. 

Another essential feature of the radio frequency unit is the attenuator 21 between the 
oscillator 20 and the power splitter 22. Its purpose is to prevent the reflected signal from 
the probe 17 from entering a wrong signal path, to the input of the amplifier 24. Due to the 
10 attenuator the reflected signal from the probe has to travel twice through the attenuator 21 
when travelling to the input of the amplifier 24 after being reflected. If the attenuator 21 is 
e.g. 6 dB, the total attenuation with this signal is 12 dB, which is sufficient. 

The present invention is not restricted to the described advantageous application, but it can 
15 be embodied in other forms within the limits of the inventional idea defined by the claims. 



NSDOC1D: <WO 0136952A1 I > 



WO 01/36952 



7 



PCT/FI00/01001 



CLAIMS 

1. Method for measuring the moisture content of skin, in which method a probe (17) is 
placed on the skin for measuring the capacitance of the skin, characterized in that a wave 

5 signal is transmitted into the probe, the capacitance of the probe (17) is measured by 
comparing the phases of the direct and reflected wave, and that the applied radio frequency 
is low, approximately 0,2-5 MHz. 

2. Method according to claim 1, characterized in that the apparatus operates only at one 
10 strictly predetermined frequency. 

3. Method according to claim 1 or 2, characterized in that a wave signal is transmitted to 
the probe (17) from an oscillator (20) and that reflections of the waves forming the signal 
between the oscillator and the probe are prohibited by placing an attenuator (21) on the 

15 signal path between the oscillator and the probe. 

4. Method according to any of claims 1-3, characterized in that the phases of the wave 
transmitted to and reflected from the probe are deviated with a power splitter (22) from 
each other by 90 degrees in addition to the minor phase difference caused by the probe. 

20 

5. Method according to any of claims 1-4, characterized in that the phases of the wave 
transmitted to and reflected from the probe are compared with a phase detector (26). 

6. Method according to claim 5, characterized in that the propagating waves are amplified 
25 in the phase detector (26) inputs so that the phase detector operates in a saturated state. 

7. Apparatus for measuring the moisture content of skin, which apparatus comprises a 
probe (17) to be placed on the skin and devices (20-28) connected to the probe for 
transmitting and transferring a wave signal to the probe and for transferring and analysing 

30 the signal reflected from the probe, and for measuring the capacitance of the skin, 
characterized in that the apparatus contains a device, preferably a phase detector (26), into 
the input of which the wave formed by the signal reflected from the probe is arranged to be 
led, and into the other input of which a wave forming a signal and transmitted to the probe 
is arranged to be led, at which the capacitance can be measured by comparing the phases of 

35 the wave. 
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8. Apparatus according to claim 7, cHoraCer^ in that .he apparatus is arranged to 
openu! o„>y at one constant frequency and preferably a. frequency approxtmateiy 0,2-5 



MHz. 



9. Apparatus according to claim 7 or 8, characterized in that there is an attenuator (21) 
between the~oscillator (20) and the power splitter (22). 
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FIG. 1 



NSDOCID:<WO 0136952A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 01/36952 



PCT/FIOO/01001 



2/3 




■ISOOCID: <WO 0136952A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 01/36952 



3/3 



PCT/FIOO/01001 




0136952A1 I > 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 00/01001 



A. CLASSIFICATION OF SUIUFCT MA'ITliR 



IPC7: G01N 27/22, A61B 5/00 

According to International Patent Classification (IPC) or to hoih national classification and IPC 



B. FIKLDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: G01N, A61B 



Documentation searched oilier than minimum documentation to the extent thai such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO HE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB 2194340 A (AGRICULTURAL 8. FOOD RESEARCH 

COUNCIL), 2 March 1988 (02.03.88), the whole 
document 



GB 2293017 A (TSING YEE AMY CHAN ET AL) , 
13 March 1996 (13.03.96), page 2, 
line 13 - line 32; page 4, line 14 - line 21 



US 4777599 A (D0R0GI ET AL), 11 October 1988 
(11.10.88), column 2, line 26 - line 44 



US 5086279 A (W0CHN0WSKI ET AL), 4 February 1992 
(04.02.92), column 3, line 46 - line 62 



1-9 



1-9 



1-9 



1-9 



| ^ Further documents arc listed in the continuation ol' Hux C. | )(1 patent family annex. 



* Special categories of cited documents: 

*A" document defining the general state of the art which is not cinwidcrcd 
to be of particular relevance 

earlier application or patent hut published on or after the international 
filing date 

*L* document which may throw doubt's on priority claim(s) or which is 
cited to establish the publication dale of another ciUlion or other 
special reason (as specified) 

*0" document referring to an oral disclosure, use, cxhihilion or oihcr 
means 

*P" document published prior to the international filing date but later than 
the priority date claimed 



"I" later document published after the international filing dale or priority 
date and not in conflict with the application hut cited to understand 
the principle tir theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance! the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with" one or more other such documents, such combination 
hcing obvious to a person skilled in the art 

dncumcnt member of the same patent family 



Dale of the actual completion of the international search 



16 February 2001 



Dale of mailing of the international search report 



1 9 -07- ?nm 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. 4-46 8 GG6-02 86 



Authorized olliccr 

Gordana Nihkovic /0GU 

Telephone No. 4-4G 8 782 25 00 



!NSDOCID:<WO 0136952A1 I > 



10 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



Intci national application No. 

PCT/FI 00/01001 



C (ConUmialkm). DOCUMENTS CONSIDER!'.!? TO »!■ Rl'Xt'.VANT 



Category* 



C.la1i«n of document, with indication, where appropriate, olllic relevant passages 



GB 2148513 A (KABUSHIKI KAISHA KISHOHIN KAGAKU 

KAIHO KENKYUJ0) , 30 May 1985 (30.05.85), page 1, 
line 48 - line 81 



DE 19652679 CI (UNIVERSITAT KARLSRUHE) , 
23 April 1998 (23.04.98), abstract 



US 5459403 A (K0HLER ET AL), 17 October 1995 
(17.10.95), abstract 



Relevant U> claim No. 



1-9 



1-9 



1-9 



Form l'Cr/lSA/210 (continuation of second sheet) (July 1S98) 
WSDOCIO <WO 0136952A1 I > 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 

PCT/FI 00/01001 



Patent document 
cited in search report 


Publication 
date 


I'iilent family 
iHL'inbcr(s) 


Publication 
date 


6B 2194340 


A 


02/03/88 


GB 


8620336 


D 


00/00/00 


GB 2293017 


A 


13/03/96 


GB 


9418183 


D 


00/00/00 








GB 


9503975 


0 


00/00/00 








US 


5744971 


A 


28/04/98 



US 4777599 A 11/10/88 NONE 



US 



5086279 A 



04/02/92 



DE 


3905658 


A 


30/08/90 


GB 


2229275 A.B 


19/09/90 


GB 


9004107 


D 


00/00/00 


IT 


1239649 


B 


11/11/93 


IT 


1945290 


□ 


00/00/00 


JP 


2248846 


A 


04/10/90 



GB 



2148513 A 



30/05/85 



CH 


665029 


A 


15/04/88 


DE 


3433192 


A 


04/04/85 


FR 


2552229 A.B 


22/03/85 


GB 


8423540 


D 


00/00/00 


IT 


1199411 


B 


30/12/88 


IT 


8403571 


D 


00/00/00 


JP 


1057579 


B 


06/12/89 


JP 


1574840 


C 


20/08/90 


JP 


60063039 


A 


11/04/85 


KR 


8700639 


B 


03/04/87 



DE 19652679 CI 23/04/98 NONE 



US 5459403 A 17/10/95 DE 4334649 A,C 03/11/94 

EP 0622628 A 02/11/94 

DE 9306441 U 22/07/93 



p or-riicAnwj (patent family annex) (July 1998) 

NSDOCIO: <WO 0136952A1 I > 



i 



